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BACKGROUND OF THE INVENTION 

The present invention relates to an energy 
collecting system and a method of operating the same in 
which energy is collected through generation of 
5 electric power by a waterwheel using water used by, for 
example, an air-conditioning load or the like in a 
building . 

For example, as an air-conditioning system in 
a building, there has been widely employed an air- 

10 conditioning system of heat storage type in which a 
heat source is operated using inexpensive nighttime 
electric power to store generated heat in a heat 
storage. In the daytime in which air-conditioning load 
takes place, the stored heat is fed from the heat 

15 storage to the load, i.e., an air conditioner to 
achieve air-conditioning operation. 

Fig. 12 is a diagram showing a configuration 
of an example of the prior art, namely, an open -loop 
air-conditioning system of heat storage type. In a 

20 primary- side system S 1# the configuration includes a 
water pump 1 which feeds water from a heat storage 16 
to supply the water via a water supply pipe 4a to a 
heat source 4 and a both-end motor 2 of which one shaft 
end is directly coupled with the water pump using a 

25 shaft coupling to drive the water pump. The other 



shaft end is coupled with a waterwheel 12 via a clutch 
12b. The waterwheel is disposed at a position at which 
potential energy of water discharged from the heat 
source can be completely collected. Numerals 18 and 19 
5 indicate electric power sources, numeral 5 is a two-way 
valve to adjust a quantity of heat generated by the 
heat source, numeral 6a is a water supply pipe 
connecting the heat source to the waterwheel, and 
numeral 6 is an expansion tank associated with the 

10 water supply pipe. The tank 6 breaks a siphon to apply 
a head of the supplied water (potential energy thereof) 
to the waterwheel. In place of the expansion tank, a 
vacuum breaking valve may be disposed depending on 
cases. Numeral 12c indicates a water supply pipe to 

15 return the water from the waterwheel to the heat 
storage. That is, the water supplied to the heat 
source 4 by the water pump 1 is heated by the heat 
source and is then fed to the waterwheel 12. The 
waterwheel 12 is operated by the potential energy of 

20 the water to generate power and then imparts the power 
to the both-end motor 2. The load of the motor becomes 
lower than that of the water pump, the discrepancy 
therebetween corresponds to the power imparted from the 
waterwheel. The water from the waterwheel then returns 

25 to the heat storage. 

The secondary- side system S 2 is a load of an 
air conditioner or the like and supplies water from the 
heat storage 16 via a water supply pipe 7a to an air 
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han (air handling unit) 8 and a fan coil 9 by a pump 7. 
The air han 8 includes an adjusting valve 8a to adjust 
a quantity of heat. The fan coil 9 also includes a 
similar adjusting valve 9a. The water of which heat is 
5 radiated is returned via the water supply pipe 7b to 
the heat storage 16. 

Fig. 13 shows an operating characteristic 
graph of a pump and a waterwheel in an example of the 
prior art. A total water pumping-up process of the 

10 pump, an effective head of the waterwheel, and power of 
the pump and the waterwheel are indicated along an 
ordinate. A water flow rate is indicated along an 
abscissa. A curve A is a curve of Q,H performance of 
the pump and a curve C is a curve of shaft power when 

15 the waterwheel is not operated. The total water 
pumping-up process is required to operate only the 
water pump to supply water at a flow rate of Q0 to the 
water supply system shown in Fig. 9, The operation 
point in this operation is point 04 on the curve A. 

20 Power consumed in this operation is LI indicated by 
pump shaft power, and the operation point is point Ol 
on the curve C. A curve B indicates an effective head 
of the waterwheel (pressure head difference between the 
inlet and the outlet of the waterwheel) . This means 

25 that when water flows at a flow rate of Q0, a pressure 
head difference (effective head) of HI occurs between 
the inlet and the outlet of the waterwheel, and this 
potential energy is absorbed to generate power as 



below . 

A curve D is a power curve when the water 
pump and the waterwheel are operated. Power consumed 
in the operation is L2 indicated by pump shaft power 
5 and the operation point is point 02 on the curve D. 
That is, when the flow rate is QO , power generated by 
the waterwheel is L3. 

In- this case, the power collection ratio 
(L3/L1) is about 20% to about 30%. 

10 In this way, the conventional apparatus 

effectively uses potential energy of the pumped-up 
water passed through the heat source. 

For example, JP-A-50- 128801 (a power 
collection pumping machine) and JP-A-50 -49 701 (a power 

15 collection pumping machine) describes known examples of 
this apparatus. However, the prior art technique uses 
a clutch to directly couple a motor with a waterwheel 
and there is a problem of improvement of transfer 
efficiency of the clutch. There exists another 

20 problem. That is, the energy collected by the 

waterwheel is power and there is a problem that the 
power cannot be used in this case, in consideration of 
structure, for any other load in the building. JP-A-5- 
10245 (an electric power generator using waterwheel of 

25 paddle-wheel type) is a known example of waterwheel 

electric power generation using a waterwheel in a dam, 
a paddy field, or a watercourse. 



SUMMARY OF THE INVENTION 

It is therefore an object of the present 
invention to collect unused energy in a building by 
waterwheel electric power generation to use the energy 
5 again . 

According to the present invention, there is 
provided an energy collecting system comprising as 
basic units a heat storage disposed in a lower section 
of a building; a heat source disposed in an upper 

10 section of the building for imparting heat to water 

supplied from the heat storage by electric power from a 
commercial power source and thereby producing cool or 
warm water; a primary cool/warm water pump for pumping 
up the water from the heat storage and supplying the 

15 water via a sucking pipe to the heat source; a water 
supply pipe disposed between a discharge outlet of the 
primary cool/warm water pump and the heat source; a 
water supply pipe for returning water from a discharge 
outlet of the heat source to the heat storage; an 

20 expansion tank or a vacuum breaking valve disposed in a 
highest section of the water supply pipe; a waterwheel 
disposed in a lowest section of the water supply pipe 
for collecting potential energy of the water discharged 
from the heat source; an electric power generator 

25 rotated by torque generated by the waterwheel to 

generate electric power; an inverter connected to an 
output port of the electric power generator for 
converting a voltage and a frequency of electric power 



generated by the electric power generator into a 
desired voltage and a desired frequency; a system 
collaboration unit between the motor and a commercial 
power source for changing a system from the power 
5 source to a side of the motor or from the inverter to a 
side of the commercial power source; and a cable for 
connecting an electric path between the system 
collaboration unit and the motor to an output port of 
the inverter. 

10 < To start operation) 

1) Before operation, close a waterwheel inlet valve, a 
waterwheel outlet valve, and a waterwheel bypass valve. 
First, turn on power of the heat source and power of 
the motor to drive the primary cool/warm pump. 

15 2) Next, transmit an operation request signal from the 
heat source side to the primary cool/warm pump. 

3) The primary cool/warm pump receives the operation 
request signal transmitted from the heat source side to 
start its operation and supply wager from the heat 

20 storage to the load side. Simultaneously, the pump 
transmits an operation answer signal to the heat 
source. 

4) After the operation answer signal is received, when 
a predetermined period of time lapses enough to 

25 guarantee a water supply pressure, the heat source 
starts its operation . 

5) When a predetermined period of time lapses after 



the heat source starts its operation, the waterwheel 
outlet and inlet valves are opened. In association 
therewith, the waterwheel starts its operation. The 
rotation speed of the waterwheel increases with a lapse 
5 of time and the electric power generator starts its 
operation . 

6) Generated power is supplied via the inverter to a 
load, for example, the motor to drive the primary 
cool/warm pump. In another embodiment, the system 

10 collaboration unit is connected to a commercial power 
source and there is provided a unit to connect an 
output from the inverter to an electric path between 
the system collaboration unit and a load. In this 
case, when the load is in a low state and the generated 

15 power is excessive, unused power is fed back via the 
system collaboration unit to the power source. 

7) The expansion tank or the vacuum breaking valve is 
disposed in an upper section of the water supply pipe 
and includes an atmospheric opening or a function 

20 similar to that of the atmospheric opening. The tank 
or the valve prevents expansion of water in the water 
supply pipe and breaks a vacuum state by exhausting air 
from the pipe or by sucking external air therein to 
help the supplied water fall onto the waterwheel . 

25 In another embodiment, a pressure sensor 

disposed in the vicinity of the waterwheel senses 
pressure at the position. When the water pressure 
becomes equal to or more than a predetermined value, an 



- 8 - 

automatic valve disposed in the vicinity of the 
waterwheel is opened. 



<To stop operation) 

8) When a predetermined period of time lapses after 
5 the heat source starts its operation, close the 

waterwheel outlet valve and stop the waterwheel. Stop 
the electric power generator. 

9) Stop supplying the generated power, stop the 
inverter, stop supplying power to the motor to drive 

10 the primary cool/warm pump. 

10) Transmit a stop request signal from the heat 
source side to the primary cool/warm pump side. 

11) Receive the stop request signal, stop the motor to 
drive the primary cool/warm pump, and return a stop 

15 answer signal to the heat source. 

12) Interrupt the power to the motor to drive the 
primary cool/warm pump and interrupt the power to the 
heat source. 

According to the present invention, there is 
20 provided an energy collecting system in a building, 
wherein a water pump on a secondary-side system to 
supply water to a group of air-conditioning loads is 
driven by an inverter, a waterwheel is operated by 
potential energy of water used by the air-conditioning 
25 loads, an electric power generator is operated by 

torque generated by the waterwheel, power generated by 
the electric power generator is converted by a 



regenerative converter into direct-current ( dc ) power, 
and positive-side dc power P thereof and negative-side 
dc power N thereof are outputted to dc terminals P and 
N of an inverter for the water pump. 
5 The system of the present invention is 

configured as above and operates as follows. 

1) Before operation, the waterwheel inlet and outlet 
valves and the waterwheel bypass valve are closed. 
First, the inverter to drive the water pump in the 

10 secondary- side system is activated to operate the water 
pump to supply water to air conditioners as air- 
conditioning loads. The inverter receives a sense 
signal from a pressure sensor disposed on the pump 
discharge side to conduct, for example, control 

15 operation to fix a terminal pressure, 

2) The waterwheel starts its operation when the water 
having passed the respective air conditioners flows 
thereonto. The electric power generator starts its 
operation by torque generated by the waterwheel to 

20 generate electric power. 

3) The inverter on the electric power generator side 
converts power (alternating current) generated by the 
electric power generator into dc power to supply the dc 
power to another inverter via a cable . 

25 The present invention is not limited to a 

system or a facility arranged in a building. That is, 
the configuration includes a heat storage for storing 
water fed from a heat source, a heat source for 
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producing cool or warm water using water supplied from 
the heat storage, a pump for supplying the water from 
the heat storage to the heat source, a motor for 
driving the pump, a waterwheel rotated by the water 
5 supplied from the heat source, an electric power 
generator driven by the waterwheel for generating 
electric power, an inverter connected to an output port 
of the electric power generator, a system collaboration 
unit disposed between the motor and a commercial power 

10 source for conducting a change-over operation between a 
system connecting the commercial power source to the 
motor and a system connecting the inverter to the 
commercial power source, and a connecting line for 
connecting an electric path between the system 

15 collaboration unit and the motor to an output port of 
the inverter. 

Other objects, features and advantages of the 
invention will become apparent from the following 
description of the embodiments of the invention taken 

20 in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a configuration 
of a first embodiment of the present invention. 

Fig. 2 is a graph showing an operating 
25 characteristic of a pump and a waterwheel of the first 
embodiment of the present invention. 

Fig. 3 Is a diagram showing a configuration 
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of a second embodiment of the present invention. 

Fig. 4 is a diagram showing a configuration 
of a third embodiment of the present invention, 

Fig. 5 is a diagram showing a configuration 
5 of a fourth embodiment of the present invention, 

Fig. 6 is a diagram showing a configuration 
of a fifth embodiment of the present invention, 

Fig. 7 is a flowchart of a sixth embodiment 
of the present invention, 
10 Fig. 8 is a flowchart of a seventh embodiment 

of the present invention, 

Fig. 9 is a diagram showing a configuration 
of an eighth embodiment of the present invention. 

Fig. 10 is a diagram showing an electric 
15 system of the eighth embodiment of the present 
invention , 

Fig. 11 is a graph showing a characteristic 
of the eighth embodiment of the present invention. 

Fig. 12 is a diagram showing a configuration 
20 of a system of the prior art, and 

Fig. 13 is a graph showing an operating 
characteristic of a pump and a waterwheel of the prior 
art . 

DESCRIPTION OF THE EMBODIMENTS 
25 Next, description will be given of an 

embodiment of the present invention by referring to 
Figs. 1 to 11. 
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Fig. 1 shows a configuration of a first 
embodiment of the present invention. In this diagram, 
when compared with Fig. 9 showing a prior art example, 
the both-end motor is replaced with a general motor (a 
5 non-both-end motor), the water pump is separated from 
the waterwheel, an electric power generator is disposed 
in the waterwheel (or an integral type of these units 
is also available), and an inverter is connected to an 
output port of the electric power generator. A system 

10 collaboration unit 20 is disposed between a motor 2 to 
drive the water pump 1 and a power source 19. The 
system collaboration unit 20 is connected via a cable 
21 to the motor 2. Furthermore, an output of the 
inverter is connected via a cable 14a to the motor 2. 

15 When the waterwheel is not operating, the system 

collaboration unit 20 operates to supply power from a 
commercial power source 19 to the motor 2. When the 
waterwheel is operating and power generated by the 
electric power generator 13 is insufficient according 

20 to a load state of the water pump 1 # the system 

collaboration unit 20 operates to supply power obtained 
by adding power from the commercial power source to the 
power generated by the electric power generator 13. 
When there remains unused power in the generated power, 

25 the unused power is returned from the inverter to the 
commercial power source via the system collaboration 
unit. The units or devices assigned with the same 
reference numerals are the same as those of Fig. 9, and 



hence description thereof will be avoided. 

Fig. 2 shows an operating characteristic of 
the pump and the waterwheel of the first embodiment of 
the present invention. The components assigned with 
5 the same reference numerals are the same as those of 
Fig. 10 and hence description thereof will be avoided. 
In operation of the first embodiment of the present 
invention, to obtain the shaft power LI for the water 
pump flow rate Q0 , power L3 generated by a combination 

10 of "waterwheel-electric power generator- inverter" and 

power L2 from the commercial power source are used. In 
other words, an insufficient power of the power 
generated by the waterwheel is supplied from the 
commercial power source via the system collaboration 

15 unit. Naturally, when the opening of two-way valve is 
choked and the load on the water pump is reduced, the 
electric power to drive the motor becomes less than the 
power generated by the waterwheel depending on cases . 
In this case, unused electric power is returned from 

20 the inverter via the system collaboration unit to the 
power source side. In the present embodiment, the 
power collection ratio (L3/L1) is about 40% to about 
60% and is improved when compared with the power 
collection ratio of the prior art . 

25 Description will be given of a second 

embodiment by referring to Fig. 3. In the embodiment, 
as compared with the first embodiment, the load of the 
electric power generator is changed from the motor to 



drive the primary cool/warm pump to the heat source. 
In Fig. 3, numeral 520 is a system collaboration unit 
disposed between the commercial power source 18 and a 
power source terminal of the heat source 4 . An output 
5 from the inverter 14 is connected via a cable 14a to an 
electric path 521 of the system collaboration unit. 
That is, when the waterwheel is not operating, the 
system collaboration unit 520 operates to supply power 
from the commercial power source 18 to the heat source 

10 4. When the waterwheel is operating and if power 
generated by the electric power generator 13 is 
insufficient according to a load state of the heat 
source 4, the system collaboration unit 520 operates to 
supply power obtained by adding the power generated by 

15 the electric power generator 13 to the power from the 
commercial power source 18. If there remains unused 
power in the power generated by the power generator 13, 
the unused power is returned from the inverter via the 
system collaboration unit to the commercial power 

20 source. 

Description will be given of a third 
embodiment by referring to Fig. 4. In this embodiment, 
power generated by the waterwheel is supplied to a 
group of various loads such as lighting apparatuses in 
25 a building. In Fig. 4, numeral 30 indicates a group of 
various loads such as lighting apparatuses in a 
building and numeral 29 is a power system change-over 
unit. When the change-over unit 29 is set to a c-a 
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side, the group of loads is connected to the commercial 
power source. When the change-over unit 29 is set to a 
c-b side, the group of loads is connected to the 
electric power generator side. That is, when the 
5 waterwheel is operating and if the power generated by 
the electric power generator 13 is sufficient according 
to a load state of the group of loads 30, the change- 
over unit 29 is set to a c-b side to supply power 
generated by the electric power generator 13. When the 

10 power generated by the electric power generator 13 is 
insufficient, the change-over unit 29 is set to a c-a 
side to supply power from the commercial power source. 

A fourth embodiment will be described by 
referring to Fig. 5. In this embodiment implemented by 

15 further modifying the third embodiment, when the group 
of loads imposes a high load and the power generated by 
the electric power generator 13 is insufficient, the 
power from the electric power generator 13 is added to 
that from the commercial power source. In Fig. 5, as 

20 compared with Fig. 6, the group of loads 30 can be 

powered from the electric power generator 13 and from 
the commercial power source 28. An inverter 14 is 
connected to the electric power generator 13, a system 
collaboration unit 720 is connected between the 

25 commercial power source 28 and the group of loads 30, 
and a cable 14a connects an electric path connecting 
the system collaboration unit 720 to a power source 
terminal of the group of loads 30 to an output from the 



inverter . 

In the configuration, when the generated 
power is insufficient, there is supplied power obtained 
by adding the generated power to that from the 
5 commercial power source. 

Description will now be given of a fifth 
embodiment by referring to Fig. 6. In the embodiment, 
a bypass pipe 29a and a bypass valve 29 are arranged to 
bypass valves before and after the waterwheel 12 and a 

10 pressure gauge 31a and a pressure sensor 31 are 

disposed on the inlet side of the waterwheel and a 
pressure gauge 30a and a pressure sensor 30 are 
disposed on the outlet side of the waterwheel. In this 
configuration, to maintain the waterwheel 12, the 

15 electric power generator 13, and units associated 

therewith, the gate valves 26 and 2 7 are closed and the 
gate valve 2 9 is opened to return the water having 
passed the heat source to the heat storage via the 
water supply pipe 6a, the bypass pipe 29a, and the 

20 valve 29 in this sequence. As a result, the heat 

source can be operated also during maintenance of the 
waterwheel 12, the electric power generator 13, and 
units associated therewith. 

Description will be given of a sixth 

25 embodiment by referring to Fig. 7. In the embodiment, 
although not shown, the operations and control 
procedures are specified for the controller of the heat 
source, the motor to drive the primary cool/warm water 



pump, the electric power generator, the inverter, and 
the units as loads such that these constituent 
components collaboratively conduct operations. Fig. 7 
shows the operations and control procedures in a 
5 flowchart. That is, to start operation, the inlet 
valve of the waterwheel is opened, the outlet value 
thereof is closed, and the bypass valve thereof is 
closed in step 1. In step 2, the heat source is 
powered. The motor to drive the primary cool/warm 

10 water pump is powered in step 3. In step 4, an 

operation request signal is transmitted from the heat 
source side to the primary cool/warm water pump. In 
step 5, the primary cool/warm water pump receives the 
operation request signal and operates the motor to 

15 drive the primary cool/warm water pump. The pump then 
sends an operation answer signal to the heat source. 
In step 6, when a predetermined period of time lapses 
after the heat source receives the answer signal 
indicating the operation of the motor to drive the 

20 primary cool/warm water pump, the heat source starts 

its operation. In step 7 , when a predetermined period 
of time lapses after the heat source starts its 
operation, the waterwheel outlet valve is opened. As a 
result, the waterwheel starts its operation and the 

25 electric power generator also starts its operation. In 
step 8 , power generated by the electric power generator 
is supplied via the inverter to the primary cool /warm 
water pump. Next, to stop operation, the waterwheel 
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outlet valve is closed in step 9 to stop the 
waterwheel. This stops the electric power generator. 

In step 10, the system stops supplying the 
generated power and stops the inverter. The system 
5 then stops supplying power to the motor to drive the 
primary cool/warm water pump. In step 10, a stop 
request signal is sent from the heat source side to the 
primary cool/warm water pump side and the heat source 
stops its operation. In step 11, the motor to drive 

10 the primary cool/warm water pump receives the stop 
request signal and stops its operation. In step 12 , 
the motor returns a stop answer signal to the heat 
source. In addition, the system turns off power to the 
motor and power to the heat source. In the description 

15 of the embodiment, the motor to drive the primary 

cool /warm water pump is used as an example of the load 
of the electric power generator. However, the load may 
be a heat source or another load such as a lighting 
apparatus in a building. By specifying the operations 

20 and the control procedures as above, the respective 
constituent components can be operated in an 
appropriate collaborative fashion to achieve 
predetermined performance and functions without errors. 

Description will now be given of a seventh 

2 5 embodiment by referring to Fig. 8. The embodiment is 
implemented by further modifying the sixth embodiment 
to conduct an automatic and collaborative operation. 
Therefore, the gate valves 26, 27, and 29 of Fig. 6 are 



modified to automatic valves. Although not shown, the 
operations and control procedures are specified for the 
controller of the heat source, the motor to drive the 
primary cool/warm water pump, the electric power 
5 generator, the inverter, and the units as loads such 
that these constituent components automatically and 
mutually conduct operations in a collaborative way. 

Fig. 8 shows the operations and the control 
procedures in a flowchart. To enable automatic 

10 operation, step 7 is added to Fig. 7 to open the 

waterwheel outlet and inlet valves when the waterwheel 
inlet pressure becomes equal to or more than a 
predetermined pressure to automatically operate the 
waterwheel 12, the electric power generator 13, and 

15 units associated therewith. In a phase to stop 

operation, step 9 is similarly added to Fig. 7 to close 
the waterwheel outlet and inlet valves to automatically 
the waterwheel 12, the electric power generator 13, and 
units associated therewith. The other operations are 

20 the same as those of Fig. 7 and hence description 

thereof will be avoided. Through the operation, the 
operation management becomes easier without any risk of 
erroneous operations . 

As a further improvement of the embodiment , 

25 the open control condition of the waterwheel inlet and 
outlet valves during the operation includes that the 
heat source is operating and the inlet valve pressure 
is equal to or more than a predetermined pressure. 



When both conditions are satisfied, the open control is 
carried out. As a result, the operation is guaranteed 
and the overall system operates in a collaborative way. 

Fig. 9 shows a configuration of a specific 
5 embodiment of the present invention. In this diagram, 
when compared with the prior art example, the both-end 
motor 2 is replaced with a general motor 131 (a non- 
both-end motor) to separate the water pump 107 from the 
waterwheel 109 in the secondary- side system to supply 

10 water to air-conditioning loads. An electric power 

generator 134 is disposed in the waterwheel 109 (or an 
integral type of these units is also available). An 
inverter 135 ( INV2 ) is connected to an output port of 
the electric power generator 134. Power generated by 

15 the power generator 134 is converted into a dc voltage 
by the inverter 13 5 including semiconductor devices 
such as a power transistor Tr and a flywheel diode D. 
The power is then smoothed by a capacitor C. For 
example, when the ac voltage generated by the electric 

20 power generator 134 is 200 V, the voltage (dc voltage) 
between the P and N terminals of the inverter 135 is 
280 V. The inverter 135 is well known, for example, is 
an inverter using pulse width modulation (PWM) control 
and hence detailed description thereof will be avoided. 

25 The positive side P and the negative side N of the dc 
voltage output from the inverter 135 are respectively 
connected to the positive side P and the negative side 
N of a dc intermediate circuit of an inverter 136 



(INVl)to drive the motor 131. The inverter 136 is also 
well known and is, for example, an inverter using PWM 
control and hence detailed description thereof will be 
avoided . 

5 In the system configured as above, when the 

air-conditioning load varies, the flow rate of water 
supplied to the waterwheel 109 inevitably varies and 
the power generated by the electric power generator 134 
also varies. In this case, for example, each time the 

10 P-N voltage sensed between the terminals P and N as 
described above is lower than 280, if the operating 
frequency of the inverted 135 is lowered, a 
regenerative state takes place and the P-N voltage 
increases although not shown in the diagram. 

15 The motor 131 to drive the water pump 107 is 

driven by the inverter 136. The inverter 136 is used 
because when the air-conditioning load varies, an 
energy saving operation is conducted by accordingly 
lowering the rotary speed of the pump. The dc voltage 

20 terminals P and N of the inverter 135 are respectively 
connected to the dc voltage terminals P and N of the 
inverter 136 using cables 138 and 139, respectively. 
As a result, the power generated by the electric power 
generator 134 can be supplied using a direct current to 

25 the inverter 136 on the water pump side. Therefore, it 
is not required to convert the power into an 
alternating current, and a simple and inexpensive 
configuration can be implemented without requiring a 



system collaboration unit. 

Fig. 10 shows an electric system of Fig. 9. 
The constituent components assigned with the same 
reference numerals are the same as those shown in Fig. 
5 1, and hence description thereof will be avoided. In 
the diagram, numeral 103 indicates a commercial power 
source, numeral 132 is a wattmeter, and ELB indicates 
an electric leakage breaker. In an initial state of 
operation, since the waterwheel 109 and the electric 

10 power generator 134 are not operating, power is not 

supplied from the dc voltage terminals P and N of the 
inverter 135. The water pump 107 and the motor 131 are 
driven by the inverter 136 using power only from the 
commercial power source 103. Water is supplied by the 

15 operation of the water pump 107 to each air- 
conditioning load 110. When the water used by the load 
returns to the waterwheel 109, the waterwheel 109 and 
the electric power generator 134 start operation to 
supply dc power from the inverter 135 via the cables 

20 138 and 139 to the dc voltage terminals P and N of the 
inverter 136. 

Fig. 11 shows a graph of an operating 
characteristic of the water pump 107 and the waterwheel 
109 in the embodiment of the present invention. In 

25 this case, the water pump 107 is controlled by the 
inverter 136 to keep a terminal pressure at a fixed 
value (the rotary speed of the pump is controlled to 
keep the terminal pressure of the pipe at a fixed value 



such that a pump discharge pressure is on a pipe 
resistance curve E). The items assigned with the same 
reference numerals are the same as those of Fig. 5, and 
hence description thereof will be avoided. In the 
5 embodiment of the present invention, to obtain shaft 
power LI at a flow rate of Q 0 by operating the water 
pump 107 with a highest frequency of Nmax of the 
inverter 136., there is used power obtained by adding 
power L3 generated by a combination of the waterwheel 

10 109, the electric power generator 134, and the inverter 
135 to mechanical power (electric power) L2 from the 
commercial power source. In other words, power 
insufficient in the power generated by the waterwheel 
is supplied from the commercial power source 103. 

15 Naturally, when the air-conditioning load is decreased 
and the load of the water pump 107 is lowered and the 
flow rate becomes Q 1# the water pump 107 is operated 
with a frequency of N x of the inverter 136 and has 
performance on the curve F. The shaft power is 

20 indicated by a curve I 2 and the operation points are 
respectively 0 4 and 0 4 '. When the flow rate becomes 
zero, the inverter 136 is operated by a frequency of N 2 , 
and the water pump 107 has performance on a curve G. 
The shaft power is indicated by a curve I 3 and the 

25 operation points are respectively 0 6 and 0 6 '. When the 
waterwheel 109 is not operated, the operation is 
conducted on a curve L connecting the points 0 1# 0 4 , and 
0 6 of the shaft power. In operation of the waterwheel 



109, when water flows onto the waterwheel 109 at a flow 
rate of Q 0 , there appears a head H 0 between the inlet 
and the outlet of the waterwheel. Therefore, the 
waterwheel generates torque using potential energy of 
5 the water, and power is generated by the electric power 
generator 134 corresponding to shaft power L3. In 
subsequent operation, when the water flow rate varies, 
power is generated in accordance with the variation in 
a similar way. When the water pump 107, the waterwheel 

10 109, and the electric power generator 134 are 

simultaneously operated, a curve L4 is obtained. The 
power supplied from the commercial power source 103 is 
reduced as much as there is power generated by the 
electric power generator 134. Point 0 3 in the diagram 

15 indicates a point at which the waterwheel 109 is 
efficiently operated by a flow rate of Q 3 and the 
electric power generator 134 generates electric power. 

In the embodiment, the power collection ratio 
(L3/L1) is about 40% to about 60% and is improved as 

20 compared with the collection ratio of the prior art. 

In the embodiment, the power generated by the electric 
power generator 134 is converted by the inverter 135 
into a direct current to be supplied to the terminals P 
and N of the inverter 136 to drive the water pump 107 

25 in a building. However, if the load is driven by an 
inverter, the power can be supplied not only to the 
inverter 136, but may also be supplied to any inverter 
of another facility. Since the terminals P and N of 
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the inverter 135 are connected to the terminals P and N 
of the inverter 136 using a cable, when the cable 
becomes long, wiring loss is increased. Both inverters 
may be collectively arranged in one control board. As 
5 a result, the wiring loss can be improved. 

As above, when compared with the unused 
energy collecting apparatus of the prior art using a 
waterwheel, there is obtained effect of further 
improvement the collection ratio according to the 

10 present invention. Since the present invention can 
cope with various loads , unused energy of a building 
can be efficiently re-used. 

Since the power generated by the electric 
power generator is supplied as dc power via an inverter 

15 to another inverter, the power is not converted into an 
alternating current. Therefore, a simple and 
inexpensive system can be constructed without requiring 
a system collaboration unit. 

It should be further understood by those 

20 skilled in the art that although the foregoing 
description has been made on embodiments of the 
invention, the invention is not limited thereto and 
various changes and modifications may be made without 
departing from the spirit of the invention and the 

2 5 scope of the appended claims. 



